Introduction: Low back pain behaves as a "silent epidemic," ranking first among complications related to work. Often there is a large gap between a patient's desired pain reduction and the minimum percentage of improvement that would make a treatment worthwhile. Consequently, debate continues as to the value of epidural steroid injections, supremacy of one adjuvant over others, various doses, and concentrations in optimizing pain management.
INTRODUCTION
Low backache (LBA) is the commonest problem seen in pain clinics today with diverse pathophysiologies like lumbar disk herniation, degenerative disk disease, spondylolisthesis, and spinal canal stenosis. Among various treatment modalities, epidural steroid injections are the safest, most effective, and economical treatment that reduces the period of hospitalization and analgesic intake. It also facilitates early rehabilitative programs. 1 Numerous studies approve epidural steroids for short-term relief in chronic low back pain. They are known to stay in the epidural space for about 2 to 3 weeks exerting antiinflammatory action to decrease the perineural edema, and thus provide analgesia. 2 Also, they may require repeated administration according to the patient's satisfaction and need maximum of 3 to 4 injections in a year. 3 Despite the fact that epidural steroids work at the site of nociception to alleviate chronic pains, they are associated with side effects more so on repeated injections or high doses like weight gain, fluid retention, flushing, sleep disturbances, hypothalamic-pituitaryadrenal and hypothalamic-pituitary-ovarian depression, dysphonia, increased blood sugar, visual disturbances, osteoporosis, etc.
Low back pain triggering from multiple pathophysiological components or centrally sensitized neuropathic changes (mixed pain disorders) set up intricate neuronal circuits where epidural steroids alone may fail. Based on recent concepts of pain, inflammation causes increase in glutamate and aspartate, magnifying dorsal horn responses to 20 times by "wind up" phenomenon. 4, 5 N-methyl-D-aspartate (NMDA) receptor antagonists, like ketamine, prevent induction and maintenance of this central sensitization, thus acting as an analgesic adjunct. Hence, a study was proposed to elicit ketamine's efficacy to epidural steroids in LBA patients. We hypothesized that addition of ketamine may provide better clinical outcome and reduce the frequency of repeat blocks.
AIMS AND OBJECTIVES
It evaluates the efficacy of ketamine as an adjuvant to epidural steroid injections in terms of:
• Number of patients requiring repeat block and total number of repeat blocks using epidural steroids with or without ketamine (primary outcome) • Improvement in visual analog scale (VAS) and quality of life scores (secondary outcome) • Complications associated with the procedure especially with epidural ketamine use (tertiary outcome).
MATERIALS AND METHODS
A prospective randomized blinded study was proposed to be conducted on 60 patients of chronic lower backache attending pain clinic in a tertiary care center after obtaining approval from hospital Ethics Committee, and a prior written informed consent from the patients. Patients in the age group 18 to 70 years, history of LBA with or without radiculitis of minimum 3 months duration, and no relief with conservative treatment were included in the study. The exclusion criteria taken for the study were any contraindications to administer epidural anesthesia, history of allergy to anesthetic drugs, psychiatric history, spinal cord deformities, previous lumbar epidural steroid injection (LESI), fibromyalgia, history of spinal surgery, cauda equina syndrome, opioid habituation, and pregnancy.
During the study, 97 patients with LBA were screened for the study. Out of these, 11 patients responded to physiotherapy and/or medication alone, 3 patients diagnosed fibromyalgia, 10 patients refused to participate, 2 patients failed to lie in prone position due to comorbidities, 10 patients could not come for follow-up, and 1 patient reported drug allergy from local anesthetics. Thus, 60 patients were randomized and included into two groups of 30 each and given 40 mg triamcinolone with 0.6 mL (30 mg) ketamine made up to 6 mL with 0.25% bupivacaine in group I, while the same drug solution with 0.6 mL normal saline given as placebo in group II (Flow Chart 1).
The blind study was conducted using envelopes assigning patients into two groups and was opened by the anesthesiologist performing the procedure who did not participate in the observation part of the study. Similarly, the preoperative and postoperative assessors were blinded to the participant's assignment groups.
All patients were evaluated for pain using VAS and quality of life by Oswestry disability index (ODI) Flow Chart 1: Sampling process score and depression score. Neurological examination was done and magnetic resonance imaging (MRI) findings noted. In addition, a detailed medical history was taken and the patients informed regarding side effects that he/she might suffer postprocedure like those with ketamine.
Oral midazolam 7.5 mg was given 2 hours before shifting patient to operation theatre (OT) and standard monitoring applied after making prone position. Lumbar epidural block was given with 18G Touhy's needle according to the site of lesion by median interlaminar approach using fluoroscopic guidance. Fluoroscopic findings were observed using a contrast injection, and only after confirmation of needle placement by epidurographical dorsal spread, drugs were given according to group allocation.
Patient's vitals were checked and pain relief was assessed using VAS scores. Any side effects, particularly due to ketamine, like confusion, increased blood pressure or heart rate, mental or mood changes, nausea, delirium, etc., were observed. Follow-up was conducted every 2 weeks for 3 months with VAS scores, ODI score, and depression score. Patients having ≤50% improvement from baseline VAS with numeric analog scale (NAS) 1 or 2 after a month were given repeat block with the same drug solution. Patients having no relief were evaluated for confounding factors. The number of patients undergoing repeat blocks and the number of repeat blocks were compared and data analyzed statistically.
OBSERVATIONS
The sample size was determined to be adequate using desired power of 0.82 and alpha error of 0.05. The primary analysis of power was done with number of repeat blocks in the two groups. Statistical analysis was done with chi-square test for nonparametric data. For parametric data, intragroup comparison was done with paired t test and intergroup comparison with Student's t test. The pain-free time till 2nd repeat block and 3rd repeat block in the two groups was compared by Kaplan-Meier survival analysis where p-value of < 0.05 was considered significant.
Both the groups were comparable in terms of mean age, sex, duration of symptom, MRI findings, and preprocedure (PP) scores (Table 1 -Demographics) .
Moreover, the periprocedural epidurographic findings in both the groups were comparable with respect to ventral, dorsal, and nerve root findings (Graph 1).
On each follow-up when mean VAS and ODI scores were compared with the PP values in each group (Table 2 -VAS and quality of life scores), a highly significant reduction noted in both the groups with insignificant difference on intergroup comparison. On intragroup comparison, the decrease in depression score at 2 weekly follow-up from PP scores in group I was insignificant till the 1st month and then turned significant, while in group II it was highly significant at all follow-ups. This may be reflected by the fact that initial depression scores were clinically higher in group II than in group I, leading to significant reduction post block. The intergroup comparison was insignificant.
The patients undergoing repeat blocks were statistically comparable in both the groups (Table 3) . However, patients of the study group required only one repeat block, whereas those of the control group required variable number of repeat blocks, with even up to three in few patients, thus indicating statistically significant reduction in requirement of repeat block with the ketamine group.
On applying Kaplan-Meier survival analysis on patients undergoing 2nd and 3rd repeat blocks, the product-time graph shows better survival without multiple repeat blocks in group I (ketamine) as compared to group II (placebo), although statistically nonsignificant (p = 0.07) (Graph 2).
No major complication was seen in both the groups except for minor complaints of heaviness in low back in 2 patients, vasovagal in 1, high random blood sugar levels in 1, 
Graph 2:
Kaplan-Meier survival curve for pain-free time after 1st repeat block and nausea/vomiting in 1 patient with intergroup comparison being statistically insignificant. 20 out of 30 patients in group I experienced shortlasting delusions 45 ± 10 minutes post the block, which may be due to the systemic absorption of ketamine through the epidural space and intergroup comparison being statistically highly significant.
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DISCUSSION
Lumbar epidural steroid injections are the interventions that offer remission from mechanical, inflammatory, degenerative, and neuropathic LBA. This can be mainly attributed to the antiinflammatory effects of corticosteroids via blockage of nociceptive C-fiber conduction, inhibition of prostaglandin synthesis, improved microcirculation, and reduced ischemia. 6 Addition of local anesthetic in epidural injection also inhibits the afferent nociceptive C-fibers and dilutes inflammatory mediators.
Many approaches, such as midline, parasagittal, transforaminal, and caudal have been used for epidural steroid injections and all proved advantageous in relieving pain of chronic LBA. 7, 8 However, in patients with "red flag" signs or those depicting severe mechanical origin of LBA, often multiple steroid injections are required which associated with longlasting side effects. Thus, a research on adjuvants has been started that could enhance the efficacy of epidural steroids and reduce the number of repeat blocks in these patients.
Ketamine has been widely studied as an adjuvant in various persistent chronic pains. It may complement the pain relief attained by epidural steroids due to its action on NMDA receptors, suppressing the element of dorsal horn "wind up" and its effects through opioid receptors. Moreover, its local anesthetic properties in higher doses may probably be an another reason.
In this study, ketamine as preservative-free product has been used epidurally. It has also been used intrathecally for perioperative pain management. [9] [10] [11] [12] [13] It is commercially available in ampoule form. 14 The rationale for using 30 mg ketamine in our study was based on previous studies where comparative doses of 0.3 to 0.5 mg/kg epidurally with or without opioids for perioperative as well as chronic pain, but a single bolus dose of 30 mg gave adequate longlasting analgesia with minimal side effects. [15] [16] [17] [18] [19] Researches on low (2-3 mL) vs high volume (6-10 mL) of injectate with same weight of drugs have yielded superior results with higher volumes. So, the dilution of drug mixture to 6 mL with 0.25% bupivacaine was used for this study.
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The VAS scores did not improve significantly by addition of ketamine to epidural steroids, which can be explained by the slow binding of ketamine to NMDA receptors. 21 Hence, a single bolus injection, as performed in the present protocol, most likely did not achieve complete receptor saturation to provide additional analgesia over and above the antiinflammatory action of steroid. Although little is known about the pharmacokinetics of epidural ketamine in humans, Pedraz et al, 22 in a study on dogs, showed that racemic ketamine was rapidly absorbed from the epidural space into the cerebrospinal fluid and plasma with a longer half-life than if applied intravenously. Thus, epidural ketamine gets distributed rapidly into the systemic circulation after administration, which may have diluted its effect on the NMDA and opioid receptors causing inadequate response of single-dose ketamine in chronic LBA. Our patients also responded well after 1st repeat block, may be due to cumulative effect of two doses, as one dose was insufficient. Also, the amount of ketamine used in the present study may not have been sufficient to provide longlasting pain control. This is contrary to the studies conducted by Amr, 23, 24 where addition of 30 mg ketamine in a bolus dose to 80 mg triamcinolone produced highly significant reduction in VAS, may be due to different study design.
A comparable results were found in ketamine group vs control group where 10 and 8 patients were given repeat block respectively. However, single repeat block provided a pain relief for 2 months in all patients who underwent repeat procedure with ketamine (group I), while in group II (placebo-control) two to three repeat blocks were required in some patients, thus the total number of repeat blocks being significantly lower in group I (ketamine). This finding reflects that with repeated use, the action of ketamine as an adjuvant to epidural steroids might have been able to achieve NMDA receptor saturation. Also, on Kaplan-Meier survival analysis, though p-value > 0.05 (0.078), but the graph showed longer pain-free time till repeat block with addition of ketamine than with saline used as placebo.
Another study by Rahimzadeh et al compared painfree time by addition of hyaluronidase to epidural steroid in postspine surgery patients and found greater pain reduction with the former. Also, the analysis showed better survival on Kaplan-Meier analysis in patients with disk herniation than stenosis though statistically insignificant (p > 0.05). 25 Lauretti et al in a study carried out by inserting an epidural catheter in patients with low back pain, gave ketamine 0.1 mg/kg with lidocaine 1% three times a day for 3 weeks in one set of patients, as opposed to another set where clonidine 30 mg was used with lidocaine 1% thrice daily. He reported that epidural ketamine when used as an adjuvant to lidocaine was as efficacious as clonidine for control of refractory chronic low back pain. Visual analog scale was maintained at 0 to 3 during the epidural ketamine administration and continued for 2 to 5 weeks later. 26 The quality of life scores are very important to investigate whether pain improvement by LESI helped the patient in coping up with their usual professional and social lives as seen by drastic reduction in ODI and depression scores in both the groups in our study, with no statistical intergroup difference.
Twenty out of thirty patients in ketamine group experienced shortlasting delusions 45 ± 10 minutes in duration, which were not bothersome as they subsided by itself without any medication. In humans, a single epidural injection of 5 mg of ketamine entered the systemic circulation with 80% bioavailability. 27 This rapid plasma distribution might have been responsible for the psychodysleptic effects produced after administration of epidural ketamine. Eight patients in group I and 11 patients in group II required analgesics for pain management, which was statistically insignificant on intergroup comparison. However, physiotherapy was advised to all patients, which improved the physical and mental status of the patient.
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Strengths
The conception of this research was based on the knowledge of ketamine as a potent analgesic inhibiting chronic pain pathways, as well as its newly described role in inflammatory cascade modulation. Low backache arising out of different neurobiological derangements in tissues forming spine was known to respond to epidural steroids but with repeated blocks lead to systemic side effects. We hypothesized that addition of ketamine to steroids could lead to additional analgesia and reduced repeat blocks.
Limitations
Majority of patients suffered shortlasting "delusions" in the ketamine group, thus, for the postprocedural assessors, blinding was not achieved. Also due to limited timeframe available, the longterm efficacy of ketamine in chronic LBA could not be evaluated.
IMPLICATIONS
Thus to conclude, ketamine's analgesic properties, keeping in account its pharmacokinetics and dynamics in the epidural space, can be exploited in future era to reduce the frequency of epidural steroid injections in LBA patients who suffer the plight of central neuropathic or mixed pain syndrome by prolonging their pain-free interval. As ketamine is available for use through different routes, these can be compared as a matter of further research.
